Abstract-Multicarrier system such as orthogonal frequency division multiplexing (OFDM) are significantly affected by peakto-average-power ratio (PAPR). Many researchers introduce different techniques to reduce PAPR with tradeoffs of data rate loss and computations of approach. In some cases, the techniques of reduction may lead to increase average power of transmitted signal and degrades the BER performance at the receiver. Hence, proper design of PAPR reduction technique needs to be considered. In this paper, a combination of Clipping Peak and Amplifying Bottom (CPAB) is proposed. The peak of signal is clipped at a threshold A, while the bottom values of signal are amplified to threshold B. The clipping technique was widely accepted method to improve the PAPR statistics. Therefore, joint clipping with amplifying in CPAB will develop PAPR reduction. In addition, PAPR value depends on clipping and amplifying thresholds. The result shows that the clipping factor affected the complementary cumulative distribution function (CCDF) performance more than the amplifying factor in CPAB technique. Thus, by properly select the threshold of A and B, better OFDM system performance is achieved with lower PAPR.
I. INTRODUCTION
Orthogonal frequency division multiplexing OFDM is one of many multi-carrier systems available, which are significantly affected by high peak-to-average-power ratio (PAPR). PAPR problem is due to the characteristic of the OFDM signal itself which consist of many subcarrier which was added up constructively. High PAPR is inherent in OFDM signal envelopes that will occasionally drive high power amplifiers (PA) to operate in the nonlinear region of their characteristic curve [1] . This problem causes the implementation of digital-to-analog converter (DAC), analogto-digital converter (ADC), and led to design of Radio Frequency (RF) power amplifier to be difficult in terms of complexity. Thus, it reduces the efficiency of RF amplifiers, degrades the BER performance, and finally, loses orthogonality [2] .
Many techniques have been devoted to reduce the performance degradation due to high PAPR but each has its own advantages and disadvantages [3] [4] . High PAPR problem occurs at the transmitter side that causes the peak power of the signal to be up to N times the average power (where N is the number of sub-carriers) [5] . The techniques to reduce PAPR can be categorized into five categorizes which is signal distortion method [4] , signal distortionless method such as coding [1] [7] , pre-distortion method [4] , probabilistic method [1] and hybrid method [8] . Among all these categorizes, the simplest and less complexity is distortion method [4] such as clipping and filtering.
In [6] , amplitude clipping have low-complexity but they suffer from in-band distortion and out-of-band expansion [7] . Rahmatallah and Mohan [4] , proposed signal companding methods, which have low-complexity, good distortion and spectral properties but have limited PAPR reduction capabilities. A. Jha et.al [9] proposed the technique of clipping and amplification where the signal is clipped for a threshold of A and amplification is made to the lower signal. The technique shows lower PAPR value compare to clipping technique alone however; the effect of amplification to the system performance is not discussed in detail. In this paper, CPAB technique is proposed where the process of clipping is independent of amplification. The PAPR reduction depends on the values of clipping threshold A and amplifying of bottom threshold B. Based on these two parameters, the CCDF algorithm is derived to evaluate the PAPR performance for the proposed technique.
The structure of the paper is organized as follows: Section II discussed on system model and related work for OFDM PAPR reduction. Then Section III provides a derivation of CCDF algorithm for PAPR reduction in CPAB technique. Section IV presents the simulation results concerning the CCDF analysis. Finally, Section V concludes the paper where the main contribution of this work is highlight.
II. SYSTEM MODEL

A. OFDM System
In OFDM systems, a block of N symbols are formed with each symbol modulation, and N is the number of sub-carriers, in which the OFDM transmitted signal is given by [3] as follows The high PAPR problem in OFDM system occurred when the value of N is large and OFDM symbols are approximated by a Gaussian distributed signal. This implies that some samples have a high probability of large peaks. Thus, leads to drawbacks and problems of high PAPR.
B. Peak to Average Power Ratio
High PAPR of OFDM signal is one of the major problems of OFDM system that exists in wireless communication. Statistically, PAPR is evaluated using CCDF, which is commonly used to measure the performance for PAPR reduction techniques. From the central limit theorem, the peaks of the OFDM signal are statistically random. The CCDF is applied to indicate the probability of PAPR in a data block when it exceeds a given threshold (γ=PAPR 0 ), which is given as follows by [8] :
And the PAPR is define as follows by [6] :
where x n 2 is the power of the transmitted OFDM signal and E{x n 2 } is the average transmitted power. The average power in OFDM system depends on the number of subcarriers N. For relatively small value of N, CCDF can be expressed as follow by [2] ;
Since OFDM system requires larger number of subcarriers, Eq. (3) does not accurately determine the CCDF of OFDM system [2] . The CCDF can be determined more accurately based on level-crossing rate approximation of the peak distribution along with exact distribution as in [14] , for (γ>0) as
High PAPR problem mostly due to non-linear distortion at DAC converter which will cause high power consumption at the transmitter, signal interference and performance degradation [10] . For these reasons, the transmitter must have high linear range process to amplify the transmitted signal in order to receive low PAPR. The design of ADC and DAC device contributes to low demand on dynamic range and precision, else the OFDM signals will be exposed to nonlinear distortion, and performance degradation [5] .
This paper proposed PAPR reduction technique based on clipping and amplification that is under signal distortion method. In the next section, details on the above-mentioned technique are discussed.
C. Clipping Technique
The clipping is the simplest method of PAPR reduction techniques where the peak of power amplitude is clipped for a certain level of threshold [9] . Fig. 2 shows the amplitude variation of an OFDM signal and peaks exceeding the clipping threshold A. The PAPR can be calculated [10] as follows;
where, A is a peak value of OFDM signal after clipping, which refer to threshold level. The disadvantages of the clipping technique will lead to distortion in the OFDM signal, consequently a high degradation in the performance of bit error ratio (BER). It will also lead to out-of-band noise, which imposes out-of-band interference signals to neighboring channels. Through filtering process, out-of-band noise will be reduced, but the effect of filtering process of the sampled signal after clipping create high-frequency components of in-band signal and it may cause the peak to regrowth [6] . Iterative Clipping and Filtering (ICF) process proposed by Zhu [11] have been found to reduce the effects of clipping and filtering technique. However, the technique increased the complexity of the OFDM system although it can reduce high PAPR problem.
D. Clipping and Amplifying Technique
Clipping process before the amplification for the OFDM signal is a hybrid method to limit PAPR value. Fig. 3 shows the peaks of an OFDM signal that exceed the clipping threshold level A, and the bottoms are lower than the amplification threshold level B'. Clipping method will only removed undesired peaks while amplifying will increased the amplitude of the required bottoms of the OFDM signal [9] .
When the average power of the OFDM signal is shifted up, the PAPR value will decrease. For this reason, the amplifying process is added with clipping to reduce PAPR further. However, the amplification threshold is limited because high average power leads to out of band radiation and degradation the performance of OFDM system [12] . 
III. CCDF PROPOSED METHOD
In this paper, we proposed a slightly different method from [9] named CPAB where, we amplified the bottom part of OFDM signal to a threshold B as shown in Fig. 3 .
The simulation program will determine a good PAPR reduction process by selecting values of A and B and measuring CCDF (function of PAPR). The block diagram of CPAB method is shown in Fig. 4 where, x n is the output IFFT which consist of the signal with high PAPR. As in [3] , IFFT will be employed as follows;
x n = IFFT{X}.
Because each OFDM sample is the sum of different N random variables, OFDM signal has complex random distribution. For example, if the complex baseband of a signal is clipped such that the maximum absolute value of x is A that is |x| = A . ( 8 ) The absolute value of each element of x as x 1 , x 2 , x 3 , … x n and any value of |x| greater than A will be clipped so that the maximum absolute value of OFDM signal is equal to A.
The PAPR value depends on the amplitude of the signal and hence will affect the CCDF performance. PAPR is increased proportionally with A while inversed proportionally with CCDF. In clipping and amplification method, the peak detector will look for any values greater than A and clipped to A, then the signal will passed through bottom detector that detects the values having amplitude less than B and amplify to B.
A is a variable which depends on the instantaneous peak value of the OFDM signal while B is a variable that depends on the mean value of the OFDM signal. From (6), the modified value after clipping PAPR m is given as
where, PAPR o is the original PAPR value and h is the reduction ratio (h<1).
The maximum value of signal depends on A and the mean value depends on both A and B. For this, selecting A and B values leads to desired reduction of PAPR. In this situation, both CCDF and PAPR will determine the system performance where minimum allowable value of PAPR must maintain high performance.
The output signal of IFFT block in transmitter part is a complex base band signal. x is a vector containing sampled version of OFDM signal in time, so maximum absolute value of x will equal to A after clipping.
The probability that OFDM symbol will exceed the allowable PAPR 0 given by [15] as
where, A is clipping threshold; σ 2 is variance of x n . Therefore, the CCDF with clipping and amplification CCDF c can be written as
From (6), the modified PAPR is simplified into
( 1 2 ) Then, taking exponential logarithm to both sides, manipulating it and comparing with (6) will result in
In the same manner, we can prove that The relationship between CCDF c , A, and B of OFDM signal is illustrated in Fig. 5 which shows The results shows that at 50% peak value of A, CCDF is high when B has a higher amplification value. It shows that PAPR is reduced at higher amplification value of B. Fig. 7 shows the amplifying threshold is varying from 10% -90% average value with clipping threshold fix at 40%, 70%, and 100% (without clipping) respectively of the maximum value. In addition, CCDF values are decreased with an increased of clipping threshold A in percentage of maximum value. For example at B=50%, average CCDF values equal to 0.7, 0.685, and 0.66 for A= 40%, 70%, and 100% respectively. Fig. 7 show that the CCDF is more affected by clipping than amplifying. Thus, the amplifying technique is an additional reduction of PAPR over clipping technique. It is used to get full controlled of PAPR reduction according to applications. However, one limitation is to choose the clipping and amplifying threshold that can provide the equilibrium between the PAPR reduction and OFDM system performance [2] [4] .
Referring to Fig. 8 , A is changing with different peak values of 20, 26, 34 dB. It is clear that the CCDF performance improves when the peak value of signal at a certain percentage of A is decreased. In general, the reduction of PAPR can be achieved with CPAB method that depends on the value of A and B threshold of OFDM signal.
V. CONCLUSION
This paper focuses on high PAPR obstacle in OFDM system with hybrid CPAB method is proposed. The peak clipping and amplification technique is described for multicarrier transmission. In CPAB method, the process of clipping is independent of amplification, where values of clipping threshold A and amplifying threshold B will determine the value of PAPR and performance for OFDM system. For this, a balance between reduction and system performance must be required. In addition, the computation calculation is considerably large when N is increased. Simulation has shown that the algorithm is reliable to estimate the selection of A and B. Large CCDF leads to improve PA efficiency but with high BER at receiver. Thus, it degrades the system performance. Therefore, the relationship between them must be created to maintain system performance.
